•10/5797 
IAP12Rec'dPGWrQ 1 g MAY. 

' i 

m m m . 

[0001] m$L%.vmm±.<DmmfcftmM u znit^z^wwmknm 

[0002] *y7yV-<D®m&m4tLtc®g;mzM, ifcGHzRTfcfcVNTtt, LCR 
V NT, »|g±^»TO^^fl^^a!I^i-«5i^*e#-5 (fllxtf , TIE r 

[0003] ^^&^^*3^5m^^^^(r*5VNTtt,-^{C«^^VNetb"C 
itfc2j#$) e Z<D%mzM, 0.1GHz-10GHzW^*5ttS^^fim^ll^pr|g 

[0004] z^nammmmm^x, mm±<Dnm<Dmmffim&*M%t%tMm, &m 
mm®z*bx^%mz-ti, rmmw^mdim). zoumuzt, ighz- 

^teftOGHzfcfcWtte, ^J6mm) Xh<Q, £ 



2 



[ooo5] i&nmfflkRv&msmiz&^x^ w%%&<D*mic$fritzrci!>iz > n 

[0006] mfettmMvxm^^offi&mmfem&hz. mmtm 
[ooo7] 2iom& { § \z.Mtm%®%.&^ -jwm a mv&M&m. xm^nw o 

mtWfttl, #®mmfeXhZ>. -<7?#fel£j;$£\ lGHzMO0GHz(&&T?$j3mm) 

[0008] femffimmmfeotMztt, i&mm^mm\^^ofmmm^Mt\t 

[ooo9] mmzmmfti-xzmGoytm (mitx\tm®%) a*>, &%mum 
a*, ad/x ©jta^^^ mmm<Dtom%m&*& but* %tm® 

[ooio] mw*m\m*Am#x, wm^w^m^Lxn^^mmm 
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zx&xob-rm, wm&$m<t&s wimmm^t, znmzKmm 

iSbmtirm^tlZtnQOn m£:3.4155T% MBiP) (DmZbmWZti^tvOA » 
mtl.S12tLXV^ 0 £®\Z#^X, gm*&&±(D&Mfrbti:Z&®OT$&mx 

toon] mmteAttte&&5iim&m*%ft%)x*nd/ x =o.i4t-&«?, mi(b)-(d)(c. 

O^fcfcVvtte, 60GHzjg^), nd/X =0.00014-C?fc5 0 Hl(c)i:(d)K^ 
T(F/S)) <JDM^«^^<^^*-?(i0.4iU 

f±#%iZ®MX3b5, ZZX\ mnn&{ i ><Hgiif®$Wn)tf>|ig{::{i, %n02%k 

z<dx\ %vh9^?Ti-?'<i t -&mbbt&\ u»u mjfowmz&mLx, k 

m&mmbi-%&m*hv^o&%¥&<D*$$b®m&mmmfembm 
-\cL^bmjmm*±c6& ^®m&h% a 
[ooi3] &m&mmhmtv&\ ^L^mm^m^mm^tix^ $m\t*» 
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KfciftejM), 

[0014] s a £tia&\zMWii£<o®&&-mzw<\ zxitx<»w?-*\x 

g&±<^d=3.27 0 m<a(£Hg#(Low-k) ^^-*K(n=1.7) fc* Alt 
£&ft#&925GHz ( X =324 m m) 0t7$y»frflytl/C^^*-a«lltl$TW) 

iO^Ond/ X ©tffi, 0.02 T*fc§ 0 
[0015] ±ft<&«fc?fc,^l«£fcj^ 

W30GHz~3THz (afcJTClOOji m-lOmm) 0|Hl?S«±0»R©|giRfg«^Sr 

[0016] M&miui'XTM^mtlX^ZM&lkl&i&kLXs 1.9GHz*B\ 2.45GHz$tf> 

^vw /^r W • V^f A (PHS) &t?*iSMtlLAN©«rtiail«|»{w*IO 

[0017] *feKKJ«JRO30GHz~3THz©Wtt, ^©PKS^JW^JVSfll^fcSo 
. . 50GHz%®<D*~h*UxmfBi/X7"J*<DWftm& 60GHz^i§££tf 76GHz«#©$ 

5. • 

[0018] ¥*#B*m f ^JWiMMWk fci&fcfc#i \ ^M^Nl^tS 
[0019] L;&>u TO^oip)±{;tt, wiSft^»t'ettft<, **wirfMlir*fc*«>!«lll*«5 



[0020] »®?ft«fefc*5v^tt, zwm&2<><Dm(¥&ai^>v-)0mz2W 
[0022] m&Mmt aavtv w^x^***T*wtt*tt, 1-5 M m-e*>* 

0.3 W ra«o¥a^^^t§(^l^fi, TiEriW*it8j#JI), 
[0023] W3tiKl:^M2002-286771#^a{ 
^3Clfe : 1 - 1 66952*&fc 

#tt*lft3:4$K20O2-228600#&« 
4W£lft4:fl$H2002-214161#&« 
4*« J *ltt6:»W20.00-193608-§^«_ 
^^6:^^10-281710^^ 
#ffc^:#H¥8-2l6016-!H&« 
4*WS:itt8i<»l»3l?5-815307^« 
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ftffiPXm :«8fiB#$K Vol. 18,NolO, (1998), p.47 

ftftfrxm-.m+mMin^isicm, B-n,v 0 i. jso-b-ii, n 0 io, (1997), p.906 

#^l£i&3: Applied PhysicsLetter vol.74, (1999), 2113-^2115 
I9^#i£)pl38-156 

[0024] #wm, fe*&m<Dm®kmfyx&&hm><ovh<ox, ^'&<DM&fflfto% 

m# ; ^*u^v ^xirnxm-r s« ) mmommnmommm-r 
^ zb^tommmmwxmmomiin » m&Tx^mmffin.mmft.X' 

■^mtLxmitx^t^zoGHz^Mmmxm^commommm^m 
<Dm , &^itttmmm^^i'. u>u m®*&&mmxmt>tix\<^¥ 

o.¥&&t&m±<Dmm<D&%wm^<Dffi%%®mj£&wixmfci-x, mm<o 
mtn n mUTx&^xm$ffinmmfex^ttmRvmwmm?zzk* 

[0025] ^T^[0026]*^[0033]*T*fi, ft<2®&fc£a$fc^ISKoV^aM, g 
m00S4^U0044]t,X^^<DRM\^m^m^^X^-<^ ■ 

[0026] <mm<Dm&> *mft£mmwxh6m&K&^x\* > mi®®mfctf*sm 
^?YMz7Tsi?^m&)&mM<z>* ~<omMx<<?wi'<D7yi'i?\z&\,^x, 
mil 
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Y ' " 2d,Jn*-m'0 

-Gt&tl*. ZZX\ cfcNtt, ^tue*l*ifiti:«ft^*)9, v d , n RXfi d tt, * 

8 8 8 



2rf, ^ J - sin J 0 + 2rf, J$ -sin J * 
[0027] S«Otf-^^<!:^^a^^^^^LfcW{^fe^fc'-^»cOll 

[0028] irC\ ^^(High-k^^fcOV^'f m-5t% SfctfrnifV 
y=^(n=3.4s d =700/i m)T% $Ig(jf£d =l M n0^JROJ;5ftHigh-k*mo 

* • 8 f 

^Hi^i^i^, e-^jiittifcWx i7yyt><7)^r-^4%(= -2.7/63) TO 1 

^ H(a)m f-^fig«i7y^4 , r«i3% > hi (b)-era*u.s%, *m 
[oo29] mz®mnMLow-km<Dm'£-\z.<>^x%mh^xtt, mmm%.fr>v*x 
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n =3.4, d =700 » m) 8l&(Ji£d =1 v m) #~>y^y«$«(SiO )©J; 

*8. f .2 





OS 


6 0S 


7 OS 


8 0S 


8 5S 


9 OS 


Av (GHz) 


-0.0492 


-0.0447 


-0.0436 


-0.0480 


-0.0428 


-0.0428 


v. (GHz) 


.63.0262. 


65.1749 


65.5796 


65.8479 


65.9182 


85.9419 


A v/v» 

a) 


-0.078 


-0.069 


-0.067 


-0.06$ 


-0.065 


-0.065 . 



Lowk&l&03^5l$£2cv^T\ ^-^itmk 17]) y*J<D +tr&;M$0.078% (= 
A v/v = -0.04916/63.02520) WHftfflaS»^3EffiUtV\ iofefct** 

8* 

5 

8 

*6>»c7yys;©tf-^iiiwret)*«, 

[0030] SiBl^iP0I^OSii^(Ts^)tS^(Rs^Rp)OAlt^^#tt^ig2^ 
•f, yyay&&(n=3.4T?d =700jtm)K60CHz<^y&£j$ltUb#a* 

T***lc*<>fc*«\ A^«»$t5^ 2ifi#tt¥fBteafeJ>l/C\ 90& 
[0031] #«[0029]a^ &Erto#fiS5f^fc»^ti57yy^©tf-^^cfc 
££S 0 -2k #»[0030]a^ tr-^fl*aw>6tti" MtM)mK#^XK* A . 



< 0 £*>J:5-r$rBI3lcjj%1\ AltA«a«60**a**t, *<4***v^*ft«ttt 
[0032} SlO02tt( A v 5«iS«±«>W«fc*5V>-ctt, *©a»**r ! *M' 

<Dv-?<nm$Lmt-fftx\< vs. WRoie^jKi^'^hA' (t(s» is«±©^ 
'ummm&x'*?^ (tof/s)) smelt* wkott (*B*H®ii^ ; tow 

KS))*^, **^flM^^Lfc«»##^. ro«W-*H4(a)«b)fc 

a^oaa^^^(Aift) t*>s. 04 (b) o§c*mt&'M®fi 

s 

3.4155+i0.001Td =700Mm)^fll(«r^y3V^iWfcfit(n = 1.812+iO.Q01Td = 

5 f f 

20 n m) ibfco S*K(700 m m)±£>20 ju mff *©»«»MSHc, Alt^^0gt?Alt L 

[0033] S^k^-tfn-e^V^I*, S^^^±O^^ji^^^K^)tf-^f±10 
Sfc, *tt«Hct*04(8)«b)tlRlDK:ft*. »«W>te6s-t?nT?*v^tt % 2&K± 

[0034] <KJt<Z>tfr&> &m^¥mX-bfr^&&ft<D£mRtt<DlLto\Z.*<OR 

OKI 
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•_ eN ■ 

T?£i**U5. ckmtiiXftffl&tmtZ* v s> ds, ns, d ft, ji^Ptb 

ayRoasf*, Aiw*T»>a B .R#t, &£±o&ig 

0*5] 

e y 

V/ 2rf, - sin 1 8 +2d /y jn} -an 3 8 

x'&snz, v f, df, nf», *Mtv#h&mm i &s.wm<o&& nmmm 

[0035] ^O^hAji^i(^^^{C#^^Lfc^^^{tS^^^to^ 
A v (= vf- v s) (»TWW»lJ^i ) Wtv (»4)t(«fc5)^&**«J, 
C*8] 

3y(ns=3.4T?ds=700Min)T> #Jg(J?<*df=l /»n0#^HOJ:5jfeiftV^WO 
«|BHC*SV^», nf-lOOBKV^fi^njgij^SRTIBT**^, £01$, 65GHzttia©3i> 
& ( X =4,600 n m) £M ASt-C-Rglt \j£n<0^l^&Vmt* («fc6) jo»& % 
2.7GHzt*£S 0 («4)*»feJ6fi©7yyS?K)#N&J«at*tt, 63GHz£#*5 

.= - 2.7/63) MMW^t^^, r tlttG* COpmtDKftX^WV 

~"C> nd/ Jl =0.02-efc^ EH(a)iEIl(b)Ot>ra^<ST 

<&<5<j 

[0037] »lcffi«l*#(L<w^R©»&fcov^J!«K>oT^ mmwm&>V=>y( 
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2 

v s(»4)**«)fc3||*«r«2IC*i*5. 
C«2]- 





02 


6 0S 


7 0S 


8 0S 


8 5S 


9 0S 




-0.0482 


-0.0447 


-0.0436 


-0.0430 


-0.0438 


-0.0438 


v.(CH2) 


69.0252 


65.1749 


65.5798 


65.8479 


85.6183 


65.8419 


A v/v, 

1 (X) ! 


-0.078 


-0.089 


-0.067 


-0.085 


-0.065 


-0.085 



mm*v*(k=ti)tvx\<^<ox<, mx^h/wtfhMz&^xtz, fc&tmto 

%fcftoTV^ £P>\^ i$i20W3ft S ( v s) tt % Jfc-# g ©7yi^0#hAJBi«fc 

[0038] mtts sm\ktpm^o^mmTstrp)tRMmRstRp)(D^M^&m^mtxh 

(Rs) -fS^ A#*tf#^<fc*fc#V\ 36£a&*>b*ftti: 

[0039] ^^[0037]*^gtK^O#mS^©^^^^7yy^c03j?hA^^f:t*3VN 
Tfi,SW$fiAlt^^«^,^«(k=0^43V^ > HlfW0%)^i:5o 
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*H5te5Wo £OBfc:feV>m 0° (♦)> 60° (A), 70° (•>; 80 

.[0040] »»[0b37]©«2O*2ff ( A v)*»6», ««fc*K±©»K{C*3V^», t©K 
It^^^h/u^/KFA^^^tt-f JvCV^B, #;fe©Atf 3& ($AJt) "CSS© 

£LT\ *nfc©it<fi#Slt*il^/S)/R(S))*i5^ft»[0039]O»*©fca6 

ffgKSJWtWu S^>y=«y(ns'=3.4155+i0.001t , ds=700Mm)iU SfBt&*> 
y=^©^ft:l^(nf^l.812+i0.001Tdf=20/im)i:LrV^ o S6(8)fc*SV >Tf4, 

kS&OimBUttx^hMjtsmT'ibS. 06(b) It, ^tf^Hjl^^M* 

V ^„ r^/t^fC, AlW*«B*.-Ct>N */JMttdfcMlDO WBItt, 0.2GHzilS£- 
*/J^**tt©i«^»ff-j£^ 10,000%W6J&. £©lt*tt 

, &&[0032]£S4<a)£<b)^'<fc, ffi^Ki^^h^t*ft<IWso-a>«, 
•eoe^m^tt, S^^©iaa^©^g«(k) I:^ot*^<, k=o.ooi£ 
1/Ctf-JfLfc. zfiti. a^C0037]T?3$^±5fi:, kf0ir*5v>Ttt N 

tf^LTLSSfcfc-efc*. t^J^«IV>««»saW"*^»'|c, k=0.00iygv\ 

. fc. 

[0041] ^^MS«k>6s^o^±<otRS^^Bt« > 3&Rb&&±n%m>ktf*x 
[0042] »li©?BIHS»k#^JJil±©^ISote©^f±, aaRioBB&^JEJt**^ 
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. R(F/S)/R(S)) *k*ks **tttt, JSI*-*T!**#s fc'JMKtt* Jb#5 e £<afrg 
• ^m^EI70 (a) £ (b) fc3H" 0 H7 (a) ttTJJt A«70ftT«JR©«SNIg»«r 

[0043] ««©JBtf 4W*£<fc5fc:t& v ^ttRW****KMJ:, (&6) 

/JHtoM0®t#**<**££#*M&*. :L©tfiM**fcH8(a>i(b)fc*1\ 08 
(a)ttAlt^S70aT'^CDS^trn=l.H2*^n=3.4155^Tmfc^(DlfM 

[0044] • #|||Oi¥$#^fctfc^©*i^^<^^hA'0^tCftffr*»tts (»6) 
9 (a) (b) fC^-fo 09 (a) f£7J*ag70&T8l£©J|f;*&dM *t m*»620 /z ra^T* 

[0045] ±i£©J;$KU «*»a«jeK:«6»-f *^tt*«pefctl? % »«<DJ*$#i ^ niEt 

[0046] cm i]sa^te^»t«a«t*«±©»KoaKB4u^h>> 



14 

[06] (a) mmt&$±<onm®ttBiMmx^h»<DA&%&fcft& w> -tub 
[07] (a) mLbmL±.<Dmm<omi®EL% ^^b/^nm^mm^Mm^n, .( 
m 

[MB] (a) ±0»IBI©ffi^Klt*^^h/K^#Dt©JBJIf WfiPte, (b) 

Ci9](a)^«iS«±©»l^te^S^^^h/^^«Jg^#tt, (bK 

[®n]s#(^T-7o^Aitco^(Dii^M^^aij^^t^h^^>^^ig 

[Hll5](a) AJft^g/WOgRlfcttS, J?£700/i m^ixy.a^^t^(0^±<5?J? 

[0047] io mmmmmmm 
. 12 %m 

13 ^ttilS 
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14 tt—U/vj-By* 

15, 17, 20, 22 

16, 18, 19, 21 T^-^- 

23 jK-77^1f-&tttfe/^-i*» 

30 AJfr^ 

31 g#3R 

[0048] #TK, *W**Ht - *fc*©*AO»>«?*1"« 

SOfeM l 

[00493 <%<ommziz>m$&m> ^m\mt>^%(Dm^\^^mmnMmn<r>m 
i&wmm*&mvxm\irz>. 

««««^(BW0) j«rltlfcCW*H: N ^^^H5//^l4T^^p^5(t$ 0 W 
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[0050] W&MyttR&QO n m<D^ymt±\^ J?$10 n m<D^mm (SiO ) Zffi 

2 

Wit (*S2fiij!^=T(SiO 2 /Si)/T(S0) &3}fc£>fc e w©i&llt:£IS 1 1©H>&T^1% 

%<<D%¥<D*.\Z.hZ>Wmt. &&[0023] 

^^m(n S =3.4155iks=0)i^^$(d S =700^ In)^V^•Cf^^^ S^t^^ 
&5 W^i&S^-^M' (Ts(SjO/SD) &S§lg©j££(df=20 ix m)k.miO%^%. 

mm<D%¥%m%;%iMrtktf)kLx, mi<omM®%($m) \z 
^vy^yT^y^tc^tm i i<Dm%xhz, z<d& \zLxMtmm<D&m 
@^«n^2.ooi:kf=o.o8Tfos 0 ztibfrt,, ®moow<Dm&£,&m^ 
65GHzx<DSiomm<Dte%mmmnm&$> * 1=3.994, *<omm £ 2=0.32^* 

So 

[0051] «[0050]^m$£/gV\ A#$£«;tT»bfc&»im2£^ 0 ~ 
k/v¥m&m<X, 60^ 7Qg, 80g, £LT85&tA&£&£if *P$ii:5t» 

[0052] -®&J?£700 m m<D^]) =tyg^ 0£]$£LTV ^«©*© MR) £0 10© 
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•f T'fcSo U»U 013(a) Ttt, *Wlfcft<lMftft«»«tfclHft#taaLTV^ r 
©013 (a) T^JfS^HJ$s^^©J^^^ % ffi«2Ki*^^h/W!>*^:ffii#/Jvtt© 

, ^#aBir^ift«Db*tTv^mjRo^yay^*-/>wt, 12113(b) f^ash? 
[0053] <3fe^sit(cj;^ii^j> *%w\mto%%<oB:toK£z&mffi% l $$ife(om 

WttAif M&%&teit#>£.s & mmmxT-v (t<Dm\z^ ^x\t , £i&) job 
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*m mm \zm<*xht>. (r^aic^ vchu *») tm 

17£20|±tt*>fcV\ 

[0054] jt«4<f y«J* ^OO/rmCS'^aStR.kte* J?$10 p mtf>$$«($iO ) £piq 

2 

/S0£R(S0fcPftS£fcfc?-$, r*ife©a8S»**Bll5(a)J^r 0 ioBtcfev^ 

2 

2 

*^M^Jfc (*8*fE W=R(SiO /SD/R(S0) r<0#*fcBll5(b)'fcjj* 

2 

[0055] 15(a)t(b)a>fe s ^lim*****^**^^ *f El5(a)K:*5 

2 

. a)^ ?$m^S^^n(k=0)t^mfetl5, *MHl5(b)^r*<Mtfcft 
*ttOMOjg|HJ^ % 0.5GHz£*£<?fc o [«6]©S;fc*JVvT\ tfKfcJGJSak ££ 
AltAKtW«©*S^R*n*©^ *K©JB*r»(xi0# 
s nf=l.3i#*S. iH6©il&*i;®*[0011]«)||»*^ x SiO HiO«il||tf 
£ 1=1.69T\ ^ffcgp e 2=0£#£6 o 
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[6] . 8«*iMS»ttfc:kV*T,tWfc#^^ 
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5 4& # 



2/13 



.[B2] 




Incident angle 0 

[03] 




50 SS 60 55 70 75 80 
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[04] 




65 

mm (ghz) 



(b) mm&mzwiw}jttft&m& 



1.4 



IjO 



0.8 



0.6 



i « < 

Light S-fiolflrteatk>ri . i 

1 


j j 

1 I 


Semite: 

1 


FamTioys 

SK700) 


K700)/FBn1(10) / \i 

1 / ] 

* / 1 
4 M \ 


\ \ 

t • 








) < t > 

1 1 
1 < ► 
1 « 1- 

1 * ' 


\ 

i 

— 1_ 


1 ! ! 


I * -.^0^^ * 
1 ' 


« 

St N243.4155+/0. 


)i 1 i 

»i i.. i 

» » 


1 M ♦ 

\ / 1 ! 

1 » 
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50 



60 



.65 



70 



Wm (GHz) 



75 



80 



mi] 
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05 

09 



0* - 
11 



FOrg 4*400nm .' 

I ■ 1 

Wi 2O0O 

305 ^ 



2O0crf , (ejD00Ws) 



— r- 
an 




4/13 
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; so 0 a - 
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/ i t 

1 / : ■ 






v •• 


■ \ 
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V 1 
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j An, 


. 1 

• ♦ i 
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i r 4 

s / ; * i * 
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< 


- # • l 
4 M 

* • M 


f ♦ 7 ♦ 




I 
I 

- P 1 1 1 | 


\ 

0°\ 


♦ A i' 


isi:n,=3.41! 


arizaf&n 



I P I i I I I f i' ■ 1 "f'f T' T'p, ) I > | I I I I | I t i i 

50 55 60 65 70 75 80 



(GHz) 



5/13 



[E6] 




•■ " i i i i j i i i i j i"i i' i j i i i i j i i i i j i i T~r-f»-rT— r-i 
60 61 62 63 64 66 66 67 
' Wm OSHz) 




60 6! 62 63 64 65 66 67 



« (GHz) 
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[139] 



(a) 



10' 



10' 



10' 



10 1 



10' 



10" 



10- 



r 



Light:S-j»larizatlen 

I 

Incident angle:7(T 



Saapleifi lm(d/2>/Si (700)/Fi lm(d/2> 
SI (700) j 



Si:N2=3. 4155+ '0.001 



! 



!♦ 
*4» 



- h i '*'***' 1 ^ 1 

"■"••••1 i ♦ 

: -::::;H 

A A i • ft ♦ ! a • 1 

S A •« i ■ 



| * ♦ A !d.=14 
| ^=20! 



64.6 



64.8 



i > > I i i f 



T 

65.0 




65.6 



(6Hz) 




Film thickness(#m) 
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[®81 



(a) 



US 



10' 

10* 

10* 
10' 
10° 

io- 

10-* 
10 
10 



i I i i i i I i i i i I i i^i i I i i i i I i j 



■ j-'i i i i | i i ■ i r j"» 

Light:$~polarizatipn 
Incident angle:70'" 



sWle:Fifa(lO)/Sib00)/Filra(10) 
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